Abstract. Carrying out business processes by means of software services helps to close the business-systems gap, by introducing an intermediate layer between business process definition and software systems, thus permitting not only better independence, but also more traceability between them. Despite the fact that technologies have matured to support this new reality, there is a lack of methodologies and notations, although some have been proposed to guide service development with different visions of service design and implementation. Service modeling is the basis for, among other things, the automation of several development steps by means of the model-driven development paradigm. The SoaML standard is a major step towards service modeling in UML. In this paper we extend our Business Process Service Oriented Methodology (BPSOM) for service development from business processes by integrating two main aspects: service modeling using SoaML and QVT transformations to obtain SoaML service models from BPMN BP models.
Introduction
The modeling of business process as the means to show explicitly how organizations carry out their business has gained importance in recent years. Although the business area has several mature techniques with which to manage its business processes, based on the Business Process Management (BPM) [1] [2] paradigm, the software area has recently been integrating this vision into software development, supported by the Service Oriented Computing (SOC) [3] paradigm. Carrying out business processes by means of software services based on a Service Oriented Architecture (SOA) [4] [5] style, helps to close the business-system gap which has come about as a result of the differences between business and software area visions of the organization. The Model Driven Development (MDD) [6] paradigm, along with Model Driven Architecture (MDA) [7] have an important role to play. They allow correspondences between models to be defined, since they are key development artifacts, permitting the generation of code in different technologies. Although technologies have matured to support this new reality, few methodologies have been proposed to guide the service development process. The Service Oriented Architecture Modeling Language (SoaML) [8] , recently defined by OMG, is a major step towards the modeling of services using UML and specific service stereotypes.
The standardized framework MINERVA [9] we have defined aims to support the Business Process (BP) lifecycle [1] by applying service-oriented and model-driven paradigms to business processes; it can be viewed on-line in [10] . The Business Process Service Oriented Methodology (BPSOM) [11] integrated in MINERVA provides the methodological guide with which to develop services from business processes. This paper extends the definition of BPSOM shown in [11] by integrating two new key aspects: the use of the SoaML standard for service modeling, and transformations using the Query/Views/ Transformations (QVT) [12] language, to generate SoaML service models, when possible, from business process models in Business Process Modeling Notation (BPMN) [13] .
The remainder of the paper is organized as follows: BPSOM is presented in Section 2, along with the use of BPMN for BP modeling and SoaML for service modeling. In Section 3 service generation from business process is presented, related work is described in Section 4, and conclusions and future work are in Section 5.
BPSOM definition
BPSOM has been defined for integration into the existing software development process used in the organization, with the aim of reusing existing knowledge, by adding only specific elements for service oriented development from business processes. Fig. 1 shows the definition of BPSOM and its use within the base process. We have based our work on the broad idea of methodology as outlined in [14] : a set of methods or techniques related, along with a process model and a set of deliverables, metrics, tools and management guidelines (including roles and organization team work). The definition of BPSOM began in 2005 and its disciplines, activities, roles and artifacts are detailed in [11] . In this paper we focus on the extension of BPSOM by adding service modeling in SoaML, along with the automatic generation of SoaML service models from BPMN BP models through QVT transformations, first described in [15] . The key aspect is to show where and how to use SoaML diagrams in BPSOM, as the standard provides their description, but no guide for using them. Transformations help obtaining some of the SoaML models automatically, providing support to activities, although human intervention is needed.
BPMN use in the BPSOM Business Modeling Discipline
There is a great variety of notations for business process modeling [16] , although in recent years, BPMN has emerged as the one preferred. Business people can use it to model business processes by themselves and then pass it to the software area.
BM1 -Assess the target organization. This activity aims to involve the project team in the organization for which the development is being carried out. The participating roles in this activity are the Business Analyst (from the business area), the Analyst and the Architect (from the software project team). The OMG Business Motivation Model (BMM) [17] can also be used for modeling goals and information which can be linked to SoaML services.
BM2 -Identify Business
Processes. This is one of the key activities in the development of services from BP, since it is the main input needed to understand and describe BP in the organization. We use BPMN to specify them, which provides elements such as swimlanes (pool, lane), flow objects (activities, gateways), connecting objects (sequence, message) and artifacts (group, data) to model BP. Fig.  2 shows the "Patient Admission and Registration for Major Ambulatory Surgery (MAS)" BP from the Ciudad Real General Hospital project on which we are working, adapted to be used as example. There is also a wide choice of notations for service modeling [16] , UML being the one preferred. The SoaML profile extends UML by adding specific elements for service modeling, and will therefore soon be adopted by the community. It provides several stereotypes with which to specify services (contract, interfaces, operations, parameters) and the service architecture for the business process.
D1 -Identify and categorize services. This activity aims to identify the services needed to perform the business process under development and it is a key one in our approach. One of the main inputs of this activity is the BP model specified previously. The use of SoaML implies defining the Service Architecture (SA) which specifies the participants, contracts for the services and the roles they play as provider or consumer. Fig. 3 shows the SoaML SA for the example. Fig. 3 . SoaML ServicesArchitecture diagram for business process in Fig. 2 Services that the organization needs to provide to other parties and services that the organization has to consume from other parties are identified, based on the messages exchanged, each party being defined by a pool. To identify the services to support the business process, we look at each message exchanged between the pools (participants), setting the activity type to "ServiceTask" when we define it as a service. The ones that present incoming messages will be providers and those with outgoing messages to a service task will be consumers. Services will be assigned to the participant corresponding to the pool containing each activity, and the associated Service Contract will hold all service information. Fig. 4 displays some Service and Request Ports (formerly Points) for the services defined, showing the bidirectional and unidirectional pattern of communication that can be defined. The specification of services corresponds to the definition of all the information needed, including the associated Service Contract with interfaces, operations, input and output parameters, among others. The information related to the in and out messages must be specified, indicating the parameters and data to be exchanged between the parties. The choreography defined by the Service Contract must also be specified, based on the interaction between participants. Once all this information has been considered, the most important parts of the ServiceContract can be generated and this can then be completed by the Architect or developers, who will also have to give the implementation details. Fig. 5 presents the ServiceContract definition and its choreography for the "ReceiveAppointmentRequest" service. The principal goal of this activity is to reuse the organization's existing services, as far as possible. To do so, a central Service Catalogue is defined, which has to be searched in each service development project. In the SoaML component diagram an adapter or wrapper has to be defined to relate the design service to its existing implementation, linking them in activity D4.
D4 -Assign components to services. The components that will implement the services generated must be defined and shown in the components diagram. For each service, a component with which to implement it has to be defined. SoaML provides the participant component with which to define the implementation of participants and services, defining new components to be generated and, if one exists, defining adapters or wrappers to use it. D5 -Define services interaction. Service interaction can be defined as the orchestration or choreography of services, [4] [5], as is done for business processes. This insight is provided by a sequence diagram showing all the services, or by various diagrams showing subsets of services for different sub-processes in the BP. That activity has no corresponding diagram in SoaML, so it is shown by a UML sequence diagram.
3 From BPMN models to SoaML models and beyond
The BPSOM methodological and automated guide is used to derive and generate services from BP models, thus constituting the basis for its implementation. BPSOM defines how to derive services from BP in a conceptual manner. It identifies the participants involved and the services they provide and request, along with the associated contracts and interfaces, parameters, and the messages exchanged, using the SoaML standard. The automation in BPSOM focuses on the generation of services from BP by means of QVT transformations defined between the SoaML and the BPMN metamodels. We follow the MDA approach based completely on the use of OMG standards. The BPMN BP model constitutes the CIM, and the SoaML service model the PIM, which can then be used to generate code, using MDA engines. The QVT transformations are based on a defined ontology [18] which relates BP models to service models, conceptualizing their elements and relationships. Fig. 6 shows an overview of the relationship between the BP in Fig. 2 and ServicesArchitecture in Fig.  3 . The QVT transformations code itself is not shown here, as it can be seen in [15] . We use the Eclipse environment in MINERVA, integrating several plug-ins to support BPSOM definitions, including MediniQVT as the QVT engine. The BPMN BP model is created by business and software people in a BPMN modeler which exports the model. It is then loaded into Eclipse and marked by the Architect with information to apply the QVT transformations, obtaining participants and its ports. To generate the code, the MDA engine needs all the SoaML diagrams, completed later by developers. For the example, we have integrated the MagicDraw Cameo SOA+ and ModelPro Eclipse plug-ins, which can be downloaded from [19] with the BPMN BP and SoaML services models, QVT transformations and input and output XMI files.
We carried out a systematic review regarding the application of SOC and MDD paradigms to BP, presented in [16] . To the best of our knowledge, there is no other work that relates BPMN models directly to SoaML models the way we do. Regarding the methodological approach, BPSOM has been defined over the same period as other proposals shown in [11] [16] . Nevertheless, it is worth mentioning [20] , which defines a methodology for service development focusing on WS, the survey of methodologies presented in [21] , as well as a consolidated methodology for defining business and software services, the SOMA plug-in for the RUP [22] , which, as ours does, adds activities, but to RUP, and Shape [23] ,which also uses SoaML, but with different guides and no generation. For the model driven approach it is worth mentioning [24] , which defines guidelines and transformations from one model to other, [25] proposing a method for service composition with a process to model generation, metamodels and artifacts to be obtained, adding in [26] a value model for deriving services using ATL [27] .This is also used in [28] , in which models, metamodels and transformations are defined, moving from collaborative BP to a SOA model, generating BPEL. Our proposal differs from these in several ways: firstly, BPSOM can be added to any existing base software development process, thus promoting reuse and making it easier to adopt. Secondly, QVT transformations are integrated in the development environment, obtaining the models from which to generate code. Thirdly, the conceptual and automatic guide is fully integrated in BPSOM. Finally, MINERVA framework integrates existing standards, promoting standardization of development.
Conclusions and future work
BPSOM has been defined to guide service development from business processes, integrated into MINERVA framework for continuous BP improvement. Its contributions are as follows: it allows the reuse of existing knowledge in the developing organization, by using the base software development process, adding specific elements for service development. The use of the SoaML standard to model services supports the definition of meaningful elements in specifying services from BP, in both a conceptual and an automatic way. Finally, we have defined QVT transformations from the BPMN metamodel to the SoaML metamodel that can be executed in the Eclipse environment, obtaining an initial definition of service models. These QVT transformations were defined for previous versions of BPMN and SoaML, so we are updating and completing them using the BPMN 2.0 and SoaML beta2 standards recently released by OMG. There are few implementations of SoaML, so we are developing our own to show the service models graphically. From these diagrams, code can be generated using existing MDA engines. We are working on case studies at the Ciudad Real General Hospital to validate the proposal.
